Introduction
[2] Extremely low level of the Sea of Galilee (''Kinneret'' in Hebrew) in the last couple of years exposed a new area, which provides an opportunity to investigate stratigraphic sections that were under water.
[3] The purpose of the study is to recover the paleomagnetic record from pre-Kinneret sediments. In particular, I searched for secular variation of the geomagnetic field and distinct features, possibly field excursions, which can serve for magnetostratigraphy. Geomagnetic excursions are defined as deviations of the virtual geomagnetic poles (VGP) by more than 40°from geographic north that return to the pre-existing polarity [Barbetti and McElhinny, 1976; Merrill and McFadden, 1994] . During periods of constant polarity geomagnetic excursions can serve as magnetostratigraphic markers, provided their precise ages are determined and their regional or global manifestation is ascertained. The present paleomagnetic analysis is based on a total of 126 samples from two 4.5-m-deep trenches (47 + 79). The trenches were excavated 30 m apart in the Ohalo Paleolithic site, the southwestern shore of the Kinneret (Figure 1 ), Trench OH1 in 1999 and Trench OH2 in 2000. The lake water that flooded the trenches limited the working time to 5 -6 hours. The sediments exposed in the trenches are damp, soft, 0.5-1 mm thick laminas of alternating fine detritus and aragonite. The excellent preservation and the high sedimentation rate are important where fine details of paleomagnetic secular variation are sought. A northward $16°dip was measured at OH1, whereas in OH2 the beds are horizontal.
[4] The age of the section is constrained by the archeological site at its top. Over 30 14 C dates determined by several different laboratories fall between 19 and 20 thousands carbon years [Nadel et al., 2001; 1995] . Schramm et al. [2000] show that between 18 and 25 ka the U series ages are consistently 3 kyrs older than 14 C ages. Assuming that U series reflect calendar ages, Ohalo site is 22-23 kyrs old. Based on the age and the laminated lacustrine nature of the sediment, the section is attributed to the Lisan Formation, deposited from 70 ka to 15 ka [Kaufman et al., 1992; Schramm et al., 2000] . I further assume a deposition rate of about 0.9 mm/yr, like the Lisan Formation near the Dead Sea and the Holocene deposits in the Kinneret [Thompson et al., 1985] . The bottom of the studied section is therefore about 28-29 ka.
[5] Sampling for paleomagnetic analyses was done with standard 8 cm 3 plastic boxes. The magnetization was measured with a ''2G Enterprise'' cryogenic magnetometer at the Geophysical Institute of Israel.
[6] Following the measurement of the natural remanent magnetism (NRM) the samples were subjected to stepwise demagnetization by an alternating field (AF), starting with 5 milliTesla (mT) and going up to 80 mT in 5 or 10 mT increments until the remaining intensity of the sample dropped to about 5% -20% of the initial NRM value. Characteristic directions were defined by a principal component analysis [Kirschvink, 1980] . The characteristic direction is that of the longest segment of several demagnetization levels with the largest R that passes a 1°linearity test. R is the length of the resultant vector normalized to the absolute sum of individual vectors.
Results and Discussion
[7] All but five samples show stable directions often with a soft overprint that is removed by AF of 5 mT. The unstable samples were omitted from the analyses.
Deformation
[8] Young deformation in the Sea of Galilee basin is evident at the surface as open folds in the Lisan Formation in the Ohalo site, and earthquake ruptures along the Dead GEOPHYSICAL RESEARCH LETTERS, VOL. 29, NO. 21, 2015 , doi:10.1029 /2001GL014038, 2002 Copyright 2002 by the American Geophysical Union. 0094-8276/02/2001GL014038$05.00 Sea Transform [Ellenblum et al., 1998; Marco et al., 2000] . Seismic images and geological observations also reveal recent deformation [Ben-Avraham et al., 1986; Heimann and Ron, 1993; Rotstein et al., 1992] . An anticline that is exposed nearby in Ubediya and is evident in seismic reflections across the Kinarot Valley appears to affect the Ohalo area as well (Figure 1 ).
[9] Since the two exposures are only 30 m apart, identical in age and lithology, the different paleomagnetic directions are attributed to the open folds that are apparent in the Ohalo site. The 5-kyr-long studied section is too short to average out the secular variation, therefore only the relative movement of the two exposures can be demonstrated as a 21°difference of the mean paleomagnetic directions. Rotating the tilted OH1 beds 16°about their strike back to horizontal reduces the difference to 7°. This reduction indicates a pre-folding, depositional magnetization. Locking-in of magnetization may postdate deposition by up to several centuries [Marco et al., 1999] .
Magnetic Properties
[10] Between 80% and 95% of the NRM is typically removed by applying an alternating field of 35 mT to 70 mT. This portion of the NRM is carried by low-to mediumcoercivity minerals. High-coercivity grains, possibly hematite and/or goethite or other single-domain grains, carry the remaining 5% -20%. The direction is commonly very stable even at high levels of AF. The median destructive field (MDF) is between 15 and 35 mT with average of 21 mT (Figure 2 ). NRM intensities are typically an order of magnitude higher than in the Lisan Formation near the Dead Sea ], and the typical coercivity is somewhat higher too. This might be due to either a higher content of magnetic minerals or higher content of singledomain ferromagnetic grains. Detritus from Tertiary flood basalts around the Sea of Galilee probably cause these differences.
Secular Variations
[11] The current declination in the study area is 3°and the inclination is 48°. The characteristic field directions (Figure 3) show typical secular variation with larger variation in the declinations. Similar pattern of secular variation in the two sections indicates reliable magnetic signals. Another indication for the signal reliability is the lack of correlation between the magnetic directions and changes in the lithology, a problem that was noted in other sections and discussed Figure 1 . Location maps. The faults (solid lines) are part of the Dead Sea Transform system. An anticline (double arrow) that is exposed in Ubediya as well as seismic reflections across the Kinarot Valley [Rotstein et al., 1992] appears to affect the Ohalo area. by Jacobs [1994] . The scatter of the NRMs (R = 0.94, k = 15.8, and a 95 = 5.4°) is significantly larger than that of the characteristic directions, where R = 0.98, k = 44, and a 95 = 3° (Table 1) , indicating the presence of an overprint. The mean VGPs of OH1 and OH2 deviate from the geographic north 22°and 10°respectively. The deviation is probably caused by both inadequate averaging of the secular variation and by local deformation, mostly folding, that cause the difference between the two sites.
Mono Lake Excursion?
[12] Conspicuous aberrations of the field directions are observed in section OH2 and less clearly in OH1 between À215 and À215.5 m and between À216.4 and À217 m. The VGPs in few samples deviate by over 40°from GAD (Figure 4) . NRM intensities are significantly lower than in the samples above. NRM does not necessarily reflect paleo field intensity, but considering the uniform nature of the sediments the coincidence is worth noting. The anomalous direction and intensity are contemporaneous with the Mono Lake Excursion (MLE), originally noted by Denham and Cox [1971] and later by others (Table 2) . If the identification of the MLE is correct, the Ohalo record shows that the MLE may be comprised of two 600 -700 yr long sub-events separated by nearly a millennium of relatively normal secular variation. The excursion occurs within maximum range of 29-24 ka and minimum range of 28 -25 ka. The problems concerning the nature and age of the Mono Lake excursion have been discussed elsewhere [e.g., Jacobs, 1994 and references therein]. The present study possibly adds another location to the list of the excursion. It certainly requires repetition in more samples before the MLE can be declared here. If at the end the MLE proves to be absent from the Middle East records, the hypothesis that the MLE is regional instead of global nature is strengthened. The results of this study will be compared to the contemporaneous records of the Lisan Formation near the Dead Sea [Freed et al., 2001; Marco et al., 1998 ]. The accrual of these kinds of data from around the world is needed to resolve this issue.
Conclusions
[13] The sediments from two trenches in the Lisan Formation show stable depositional magnetization, which record typical secular variation. The inclinations from one trench are consistently steeper than the other set due to folding, but the 21°difference is reduced from to 7°after tilt correction, indicating pre-folding magnetization. The folds reflect the last 20 kyr internal deformation of the basin.
[14] Comparison to other studies show that the magnetic properties of the Lisan Formation vary according to locally exposed rocks.
[15] Conspicuous aberrations of the field directions occur within maximum age range of 29-24 ka, similar to the age of the MLE in other places. The possible detection of the MLE here supports the hypothesis of the global nature of the excursion, justifying its utilization as a worldwide chronological datum. Repetition of denser sampling and more precise dating is needed in order to portray the detailed behavior of the field.
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